ABSTRACT : Seventy-two crossbred pigs weighing an average of 41.5 kg were assigned on the basis of sex, weight and litter to one of four dietary treatments in a factorial (4 treatments × 2 sexes) arrangement. The control diet was based on barley and soybean meal while the experimental treatments consisted of diets in which a portion of the dietary protein was supplied by 20% of a 50:50 blend of extruded (130°C for 20 to 25 sec) peas and full-fat canola seed, 20% of a 50:50 blend of unextruded peas and full-fat canola seed or a diet containing 10% peas, 6% canola meal and 4% canola oil (to equal the level of canola oil provided by 10% whole canola seed). Digestibility coefficients for dry matter, crude protein and gross energy were significantly higher (p<0.05) for the control diet than for the other three diets. Extrusion produced no beneficial effects (p>0.05) on nutrient digestibility and there were no differences in digestibility between the diet based on intact canola seed compared with the diet containing canola meal and oil. Choice of protein supplement had no significant effects on gain, feed intake or feed conversion during the grower or finisher phases and over the entire experimental period. Extrusion of the pea-canola blend produced no beneficial effects on pig performance as the performance of pigs fed either the extruded or unextruded blend of peas and canola seed was similar. In addition, the performance of pigs fed diets containing intact canola seed was similar to that of pigs fed canola meal and oil. Castrates gained faster and consumed more feed than gilts (p<0.05). However, their feed conversion was poorer than that of the gilts during the finisher period. There were no significant differences in carcass traits between pigs fed the control and any of the experimental treatments. Extrusion had no effect on carcass traits and the carcasses of pigs fed canola meal and oil did not differ from those of pigs fed whole canola seed. Castrates had a significantly lower dressing percentage, lower estimated lean yield but greater loin fat depth than gilts (p<0.05). The results of this experiment indicate that peas in combination with canola seed or canola meal are an acceptable alternative to soybean meal as a protein supplement for use in growing-finishing swine diets. Extrusion did not appear to have any beneficial effects on the nutritional value of the canola seed-pea blend as nutrient digestibility, growth performance and carcass traits were similar for pigs fed the unextruded blend of peas and canola seed compared with the extruded product. Since the process adds to the cost of the raw products, its use is unlikely to be economical. (Asian-Aust.
INTRODUCTION
Soybean meal is the most commonly used source of supplementary protein for swine production and it is generally a consistent, high quality product (Swick, 1994) . However, as transportation costs for feed increase, swine producers will have to maximize the use of locally produced feedstuffs. Therefore, it is important that alternative sources of supplementary protein be developed.
Recent efforts to diversify crop production in western Canada have led to rapid growth in canola and pea production. Full-fat canola seed (low glucosinolate, low erucic acid rapeseed) provides dietary protein and may also be used as an energy supplement to displace fats and oils in swine diets (Aherne and Bell, 1990 ). Handling problems during grinding and storage attributed to the high oil content of the canola seed can be counteracted by mixing the canola seed with other ingredients such as ground peas. Peas and canola meal are complementary in amino acid composition (Aherne and Bell, 1990; Castell, 1990 ) each contributing to overall lysine and methionine balance respectively.
Heat-labile, anti-nutritional factors occur in both canola seed and peas. Glucosinolates, sinapine and tannins are present in canola seed (Bell, 1993; Campbell and Schone, 1998) while peas contain lectins, protease inhibitors and tannins (Castell, 1990) . As a consequence, the performance of pigs fed canola seed (Froseth and Peters, 1981) and peas (O'Doherty and Keady, 2000) has been shown to be improved as result of extrusion heating.
Recently, an extruded blend of peas and full-fat canola seed has been produced and marketed under the trade name "Extrapro". The nutritional value of this product has not been tested with swine. Therefore, a feeding trial was conducted to determine the nutritional value of an extruded blend of peas and full-fat canola seed and to compare this product with a combination of unheated peas and canola seed as well as with a diet containing peas, canola meal and canola oil.
MATERIALS AND METHODS

Growth trial
Seventy-two crossbred pigs (Camborough 15 Line female × Canabred sire, Pig Improvement Canada Ltd, Acme Alberta) weighing an average of 41.5±4.2 kg were assigned on the basis of sex, weight and litter to one of four dietary treatments in a factorial (4 treatments × 2 sexes) arrangement. The control diet was based on barley and soybean meal while the experimental treatments consisted of diets in which a portion of the dietary protein was supplied by 20% of a 50:50 blend of extruded peas and canola seed marketed under the brand name of Extrapro (Oleet Processing Ltd, Regina, Saskatchewan), 20% of a 50:50 blend of ground unextruded peas and canola seed or a fourth diet in which the 20% replacement consisted of 6% canola meal and 4% canola oil (to mimic the composition of whole canola seed) as well as 10% unextruded peas. The ground peas and canola seed were extruded for 20 to 25 sec using an Instapro Extruder (Instapro Inc., Des Moines, Iowa) at a temperature of 130°C.
During the growing period (41.5 to 59.5 kg), the experimental diets were formulated to supply 16.2% crude protein (table 1) while in the finishing period (59.5 to 96.1 kg), the diets were formulated to supply approximately 14.2% crude protein (table 2). All diets were supplemented with sufficient vitamins and minerals to meet or exceed the levels recommended by the National Research Council (1998). The diets were pelleted using low-pressure steam at approximately 60°C. The trial was run for 56 days and concluded when the pigs reached an average weight of 96.1 kg.
The pigs were housed in groups of four in 2.7±3.6 m concrete floored pens and were provided water ad libitum. The pens were equipped with four individual feeders. Each pig was allowed access to its own individual feeder for 30 min twice daily (07:00 h and 15:00 h). Individual body weights, feed consumptions and feed conversion were recorded weekly. Eight castrates and ten gilts were fed each diet. Pigs were assigned to feeders in such a way as to minimize the potential for treatment effects to be confounded with environmental effects.
Digestibility determination
Total tract digestibility coefficients for dry matter, crude protein and gross energy were determined using six castrates per treatment starting at an average weight of 52.5 kg. The pigs were housed under identical conditions as those used in the growth trial and were fed the same diets as those used during the growing stage modified only by the addition of 0.5% chromic oxide as a digestibility marker. The marked feed was provided for a seven day acclimatization period, followed by a three day fecal collection. Fecal collection was made by bringing animals into a clean room immediately after feeding and recovering freshly voided feces. The fecal samples were frozen for storage. Prior to analysis, the samples were dried in a forced air oven dryer at 66°C for 60 h, followed by fine grinding (0.5 mm screen).
Carcass measurements
All pigs were maintained on their respective diets following the conclusion of the performance trial and were slaughtered at a commercial abattoir at an average weight of 103.4 kg. Carcass weight was recorded and dressing percentage calculated. Carcass fat and lean measurements were obtained with a Destron PG 100 probe placed over the 3 rd and 4 th last ribs, 70 mm off the midline. These values were then used in calculating Carcass Value Indices according to the table of differentials in effect at the time of the experiment (Saskatchewan Pork Producers Marketing Board, 1997).
Chemical analysis
Analysis of feed samples for dry matter, crude protein, acid detergent fibre (ADF), ash and ether extract (EE) were conducted according to the methods of the Association of Official Analytical Chemists (1980). An adiabatic oxygen bomb calorimeter (Parr; Moline, Illinois) was used to determine gross energy content. Chromic oxide was determined by the method of Fenton and Fenton (1979) .
Statistical analysis
Pig performance and carcass data were analyzed as a 4 × 2 factorial using the General Linear Models procedure of the Statistical Analysis System Institute, Inc. (SAS 1990) with the factors in the model consisting of protein supplement, sex and their two way interaction. The digestibility trial was analyzed as a one way ANOVA.
RESULTS
The chemical composition of the grower and finisher diets are presented in tables 1 and 2. As expected, the diets containing full-fat canola seed either extruded or unextruded and the diet containing 4% canola oil and meal had a higher EE content than did the control diet based on barley and soybean meal. Similarly, the diets containing canola seed or canola meal had a higher ADF content than did the control.
The effect of the different protein supplements on digestibility coefficients for dry matter, crude protein and gross energy are presented in table 3. Digestibility coefficients were significantly higher (p<0.05) for the control diet than for any of the remaining diets. Extrusion produced no beneficial effect on nutrient digestibility and there were no significant (p>0.05) differences in digestibility coefficients between the diet based on intact canola seed compared with canola meal plus oil.
Performance data is presented in table 4. Choice of protein supplement had no significant effects on gain, feed intake or feed conversion during the grower and finisher phases or over the entire experimental period. Extrusion of the pea-canola blend produced no beneficial effects on pig performance and the performance of pigs fed canola meal and canola oil was similar to that of pigs fed intact canola seed.
During the finishing period, as well as the entire experimental period, castrates gained faster and consumed more feed than gilts (p<0.05). However, their feed conversion was poorer than that of the gilts during the finisher period.
The effect of protein supplements on carcass traits are shown in table 5. There were no significant differences between the control and any of the experimental treatments. Extrusion had no effect on carcass traits and the carcasses of pigs fed canola meal and oil did not differ from those of pigs fed whole canola seed. Castrates had a significantly lower dressing percentage, lower estimated lean yield but greater loin fat depth than gilts (p<0.05).
DISCUSSION
The results of this experiment indicate that peas in combination with canola seed or canola meal are an acceptable alternative to soybean meal as a protein supplement for use in growing-finishing swine diets. Both pig performance and carcass traits were unaffected by the choice of dietary protein.
There is little published information about the nutritional value of blends of peas and canola seed or meal when fed to swine. However, there is considerable information about the use of these products when fed individually. For example, several studies have demonstrated the considerable potential of peas as a feed ingredient for use in growing-finishing pig diets (Bell and Wilson, 1970; Davies, 1984a, b; Grosjean and Gatel, 1986; Castell et al., 1988; Savage and Deo, 1989) with most studies indicating little reduction in performance when peas were included at levels of up to 30% of the diet (Castell, 1990) . Similarly, full-fat canola seed has been successfully fed to pigs at levels of between 10 and 15% of the diet (Castell and Falk, 1980; Salo, 1980) . Unfortunately, problems arise when full-fat canola seed is incorporated into a diet. The principle concern is that the meshed screen on a hammer mill has a tendency to become plugged when processing whole canola seed as a result of its high oil content. However, this is not an issue when using either "Extrapro" or unextruded peas and canola seed since the blend of ingredients flows readily through the grinding equipment. The improved handling qualities of these products compared with canola seed alone may be sufficient incentive to encourage their incorporation into diets where inclusion of a high-fat product is desired.
Extrusion did not appear to have any beneficial effects on the nutritional value of the pea-canola seed blend as nutrient digestibility, growth performance and carcass traits were similar for pigs fed the unextruded blend of peas and canola seed compared with the extruded product. As such, these results were disappointing as it has been suggested by earlier studies that extrusion of ground peas increased starch digestibility (Bengala Freire et al., 1998) and reduced the activity of several anti-nutritional factors (Orue et al., 1998) . Other workers have reported improvements in daily gain and nutrient digestibility as a result of extrusion of pig diets containing peas Keady, 2000, 2001) . In addition, the performance of pigs fed canola seed has been shown to be improved as result of extrusion heating (Froseth and Peters, 1981) . It is difficult to explain why previous studies have observed beneficial effects when canola seed and peas are extruded separately, while no improvements were seen in the present study when the two products were processed in combination.
The results of the present experiment indicate that pigs fed unextruded peas and canola seed performed similarly to pigs fed a diet formulated using a similar level of peas but containing canola meal and canola oil (at the same level as would be present in 10% canola seed). As such, these results contradict an earlier study in which it was observed that pigs fed intact canola seed did not perform as well as those fed canola meal and oil (Thacker, 1998) .
In conclusion, the results of this experiment indicate that peas in combination with canola seed or canola meal are an acceptable alternative to soybean meal as a protein supplement for use in growing-finishing swine diets. Extrusion did not appear to have any beneficial effects on the nutritional value of the canola seed-pea blend as nutrient digestibility, growth performance and carcass traits were similar for pigs fed the unextruded blend of peas and canola seed compared with the extruded product. Since the process adds to the cost of the raw product, its use is unlikely to be economical.
